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INTRODUCTION
Ascorbic acid is used in combination with analgesic-anti-inflammatory drugs (e.g. paracetamol) for treatment of cold and influenza 1 .
Different techniques were reported for the analysis of the studied drugs either simultaneously or for the determination of one drug in the presence of the other. These methods include derivative spectrophotometric [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , colorimetric [12] [13] [14] [15] [16] [17] [18] [19] [20] , high performance liquid chromatography [21] [22] [23] [24] and electrophoretic methods 25&26 .
In the present article, the first derivitive (1D) spectrophotometric method was described for the simultaneous determination of both drugs in the binary mixture. Also a colorimetric method, which depends on the reaction of the studied drugs with (DTCA) reagent, which was previously used as a chromogenic reagent for many drug classes 27&28 to form colored products in alkaline media measured at different wavelengths.
EXPERIMENTAL Apparatus
• An UV-1601 PC (Shimadzu, Tokyo, Japan) ultraviolet-visible spectrophotometer with matched 1 cm quartz cells; was used for all measurements.
• Ultrasonic cleaner (Cole-Parmer, Chicago, USA).
Materials and reagents
Ascorbic acid (CID, Cairo, Egypt), and paracetamol (E.I.P.I.CO, Cairo, Egypt) were used as working standards without previous purification.. 5 -Diazo-1,2,4-triazol-3-carboxylic acid (DTCA) was synthesized in our laboratory from 5-amino-1,2,4-trizole-3-carboxylic acid according to reported method 29 . Sodium hydroxide and sodium carbonate (El-Nasr Pharmaceutical Chemical Co., Abo-Zaabal, Egypt). All other chemicals and solvents used throughout this work were of analytical grade.
Pharmaceutical formulations
Cevamol tablets (CID, Cairo, Egypt), Cevilene drops (Kahira Co., Cairo, Egypt), Cretard capsules (ALKAN Pharma Co., Cairo, Egypt), Cetal drops and suspension (E.I.P.I.Co, Cairo, Egypt), Paramol tablets (Misr Co., Cairo, Egypt).
Preparation of standard solutions
An accurately weighed amount (50 mg) of each of the studied drugs was transferred into a 50-ml standard flask containing 30 ml distilled water. The contents were shaken well, sonicated for 10 minutes and completed to the mark with the same solvent. Further dilutions with distilled water were made to obtain the suitable concentrations.
Reagent solutions
Aqueous solution of 5 mg/ml of DTCA was prepared and protected from light. Several dilutions were made to obtain the suitable concentrations.
Sodium hydroxide
Five molar solution of sodium hydroxide was prepared in previously boiled and cooled distilled water. Several dilutions were made to obtain the suitable concentrations.
Sodium carbonate
One molar solution of sodium carbonate was prepared in distilled water. Several dilutions were made to obtain the suitable concentrations.
Preparation of dosage forms Capsules
The contents of ten capsules were carefully evacuated, mixed, and accurately weighed. An accurately weighed amount of the powder equivalent to about 10 mg of the drug was transferred into a 100-ml standard flask containing about 50 ml of distilled water. The contents of the flask were shaken well for 5 minutes, completed to the mark with methanol and sonicated for 10 minutes. The solution was filtered, and the first portion of the filtrate was rejected. The obtained filtrate was used as a stock sample solution for application of the general procedures.
.
Tablets
Twenty tablets were accurately weighed, finely powdered and mixed thoroughly. An accurately weighed quantity of the powdered tablets equivalent to 10 mg of the studied drug was transferred into a 100-ml standard flask and the procedure was completed as mentioned under capsules starting from "containing about 50 ml of distilled water …."
Effervescent tablets
An effervescent tablet was dissolved in about 200 ml of distilled water in a 250 mlbeaker. When all effervescence ceased, the solution was transferred quantitatively to a 250-ml standard flask and completed to the mark with the same solvent. Serial dilutions were made to obtain the suitable concentration for each drug for application of the general procedure.
Drops
An accurately measured volume of the drops equivalent to about 10 mg of the drug was transferred into a 100-ml standard flask. The procedure was completed as mentioned under tablets starting from "containing about 50 ml of distilled water …." without filtration.
Determination of molar ratio
Job's continuous variation method 30 was used for the determination of molar ratios between DTCA reagent and each of the studied drugs. Master equal molar solutions of 1.135 x 10 -3 M and 1.323 x 10 -3 M from the reagent (DTCA) and each of ascorbic acid and paracetamol, respectively were prepared. A series of 10-ml portions of the master solutions of the drugs and reagent were made up comprising different complementary proportions (0.0:1.0, 0.1:0.9-----------0.9:0.1, 1.0:0.0) in 10-ml standard flasks. The reactions were allowed to proceed for the optimal reaction conditions and then the absorbances of the resulting solutions were measured at the corresponding wavelengths of maximum absorbances (λ max ).
General assay procedures

I-First derivative method
One milliliter of standard or sample solution of ascorbic acid in the concentration range (20-250 µg/ml) and of paracetamol in the concentration range (10-150 µg/ml) were transferred into a 10-ml standard flask. The content of the flask was diluted to the mark with acetonitrile: methanol mixture (4:6). The absorption spectra of the drugs were recorded between 200-310 nm and first derivative spectra were recorded against blank. Ascorbic acid was measured at 246.5 nm while paracetamol was measured at 267.7 nm.
II-Colorimetric method (a) For ascorbic acid
One milliliter of the working standard or sample solution in the concentration range (20-250 µg/ml) was transferred into a 10-ml standard flask. One milliliter of (0.7 mg/ml) DTCA reagent and one milliliter of 0.3 M sodium hydroxide were added.The solution was mixed well and allowed to stand at room temperature (25±5°C) for 10 minutes. The volume was made up with distilled water. The absorbance of the resulting solution was measured at λ max 380 nm against a reagent blank treated similarly...
(b) For paracetamol
One milliliter of the working standard or sample solution in the concentration range (20-170 µg/ml) was transferred into a 10-ml standard flask. One milliliter of (0.4 mg/ml) DTCA reagent and one milliliter of 0.3 M sodium carbonate were added. The solution was mixed well and allowed to stand at room temperature (25±5°C) for 10 minutes. The volume was made up with distilled water. The absorbance of the resulting solution was measured at λ max 480 nm against a reagent blank treated similarly.
RESULTS AND DISCUSSION
First derivative method
The absorption spectra of the two drugs were overlapped as shown in Figure 1 . So first derivative technique was used to solve this problem as in Figure 2 . Each drug was measured at the zero crossing of the other compound. For the simultaneous determination of ascorbic acid and paracetamol, wavelengths at 246.5 and 267.7 nm were selected for the determination of both drugs respectively. 
Effect of diluting solvents:
Different solvents were tested for the first derivative determination of the studied drugs in the mixture as. Ascorbic acid gave the highest reading value in acetonitrile, while paracetamol gave the heighest reading in methanol, so mixture of both solvents were tested using different ratios. That the best ratio was 4:6 (acetonitrile: methanol).
Colorimetric method
The reaction of the diazonium salt (DTCA) with the two studied drugs in alkaline medium gave colored products measured at different wavelengths. The reagent reacts with ascorbic acid in sodium hydroxide and with paracetamol in sodium carbonate at different concentrations to give a yellow product with ascorbic acid measured at 380 nm and an orange product with paracetamol measured at 480 nm ( Fig. 3 ). 
Optimization of reaction variables in colorimetric method
Various parameters such as concentration of the diazonium salt (DTCA), type and concentration of alkali, diluting solvent, reaction and stability time were studied for their effect on the intensity and stability of the developed colored products.
1-Concentration of diazonium salt (DTCA)
Different concentrations of DTCA reagent were tested during this study. Absorption intensity reached its maximum value when the reagent concentration was between 0.6 and 0.8 mg/ml in case of ascorbic acid and between 0.3 and 0.6 mg/ml in case of paracetamol. So, concentrations of 0.7 and 0.4 mg/ml were selected for the determination of ascorbic acid and paracetamol, respectively (Fig. 4) . 
2-Type and concentration of alkali
Different types of alkali were tested for the reaction of the diazonium salt with the studied drugs e.g.; sodium hydroxide, sodium carbonate, sodium bicarbonate and sodium acetate. It was found that, the most intense and stable color was developed in the presence of sodium hydroxide in case of ascorbic acid. Sodium carbonate and sodium hydroxide were equally useful in case of paracetamol. Sodium carbonate was preferred because the colored product was measured at higher wavelength (at 480 nm) and there was no interference with the colored product of ascorbic acid as shown in Figure 3 . While in presence of sodium hydroxide, the colored product was measured at 463 nm. So, concentrations of 0.3 M of sodium hydroxide and 0.3 M of sodium carbonate were selected for determination of ascorbic acid and paracetamol, respectively as shown in Figure 5 . 
3-Reaction time at room temperature
The effect of time on the absorption intensities of the colored products of the studied drugs with DTCA was studied at room temperature (25±5 ºC). It was found that higher absorbance was obtained after 5 minutes and remains stable till 20 minutes in case of ascorbic acid and till 30 minutes in case of paracetamol. Further increase of time shows gradual decrease in the absorbance, so the reaction products were allowed standing for 10 minutes before dilution with the suitable solvent in both cases.
4-Diluting solvent
Different solvents such as distilled water, methanol, ethanol, acetonitrile, dimethyl formamide (DMF) and dimethyl sulphoxide (DMSO) were tested as a diluting solvent. Distilled water was selected in both cases, because it gave the highest intensities, safe, cheap and avaliable.
5-Stability time
The colored products of the studied drugs with DTCA remain stable for about 20 minutes after dilution, and then gradual decrease in the absorption intensities was observed. So measurements must be done within this time.
Stoichiometry and suggested reaction mechanism
Job's continuous variation method for the determination of the molar ratio between DTCA reagent and both of the studied drugs by the colorimetric method was applied. The results appear in Figure 6 indicating the ratio of 1:1 between the reagent and both of the studied drugs. The method is based upon coupling of the diazonium salt DTCA with phenolic group to yield azo dyes 31 . The normally preferred site of coupling is para to the activating group, however, ortho-substitutions are observed when the para position is occupied. Ascorbic acid react actively with DTCA reagent to form lactone which in alkaline medium form oxalohydrazide after resonance, the colored product was measured at 380 nm 13 .
For paracetamol, para position is occupied, so coupling with DTCA may be occur at any ortho position to the phenolic OH. The phenolic OH group in paracetamol loses hydrogen atom in presence of alkaline medium and become quinone, this conjugated system makes the colored product measured at higher wavelength as shown in Scheme 2. 
Validation and application of the proposed methods Linearity, detection and quantitation limits 32
The total derivative spectra taken at the selected optimal wavelengths by the first derivative method and the colored chromogen obtained by the reaction with DTCA in the second colorimetric method afforded the best linear responce to the drug concentration. Parameters of the regression curves evaluated by the least square method are presented in Table 1 . Beer's plots were linear over concentration ranges listed in Table 1 with good correlation coefficients (0.9993-0.9997). The limit of detection (LOD) and limit of quantitation (LOQ) values were determined 33 using the formula: LOD or LOQ = k.δ/S where k=3.3 for LOD and 10 for LOQ, δ is the standard deviation of the responce and S is the slope. The ranges of LOD were [0.33 -0.61 µg/ml] and [0.50 -0.66 µg/ml] for the first and second method respectively. While the values of LOQ were [1.00 -1.80 µg/ml] and [1.51 -2.00 µg/ml] for the first and second methods respectively indicating higher sensitivity of the proposed procedures.
Accuracy and analysis of pharmaceutical formulations
The commercially available pharmaceutical formulations of the studied drugs were subjected to analysis by the two proposed and reported methods 13&16 . The obtained results were then statistically compared with each other. The mean percentages label claim, relative to the labeled amounts, obtained by the proposed methods ranged from 101.0 -101.5 ± 0.02-0.15 by the first derivative method and ranged from 98.4-100.7±0.02-0.28% by the colorimetric method (Table 2) . With respect to t-and F-tests, no significant differences were found between the calculated and theoretical values of the proposed and the reported methods at 95% confidence level this indicated similar accuracy and precision in the analysis by the proposed and reported methods.
Precision
The precision of the developed procedures was confirmed by analyzing six replicate samples at three concentration levels for all the studied drugs by the two suggested methods. The relative standard deviations by the first derivative method were found to be ranged 1.11-1.31 and 1.01-1.10 for I and II respectively. By the colorimetric method the relative standard deviation was ranged 1.00 -1.42 and 0.90-1.60 for I and II respectively. The values of RSD were less than 2 and this level of precision is adequate for the routine analysis in quality control laboratories.
Robustness
Robustness of the proposed colorimetric method was study by small variations in some of the reagents concentration and reaction time. It was found that, this small variation has no significant effect on the absorption intensities of the studied drugs, so the proposed method can be considered robust (Table 3) . (13) 101.1 ± 0.01 (16) 101 (16) 98.4 ± 0.28 Paracetamol (500)
6-Paramol (tablets)
* Theoretical values of F and t at 95 % confidence limit are 5.050 and 2.228. 
Conclusion
The present study developed two simple and accurate spectrophotometric methods for the analysis of ascorbic acid-paracetamol binary mixture. The first method depends on the use of first derivative technique to separate the overlapped spectra of the studied drugs. The second method depends on the coupling of the DTCA reagent with the studied drugs giving different colored products measured at different wavelengths. The methods are reliable for the accurate determination of the studied drugs in bulk and dosage forms without interference from the common additives in dosage forms. Therefore, these methods can be recommended for the routine analysis of binary mixture of ascorbic acid-paracetamol in quality control laboratories. .
